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considered  to  be  in  fair  condition.  It  is  intermediate  in  size  with  a  hazard 
potential  of  significant.  Extensive  vehicle  tresspassing  and  consequent  erosion 
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three  dikes  are  of  major  concern. 
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Honorable  Edward  J«  King 
Governor  of  the  Commonwealth 
Massachusetts 
State  House 

Boston,  Massachusetts  02133 


Dear  Governor  King: 


Inclosed  is  a  copy  of  the  Horsepond  Dam  (MA-00950)  Phase  I  Inspection 
Report,  prepared  under  the  National  Program  for  Inspection  of 
Non-Federal  Dams.  This  report  is  based  upon  a  visual  inspection,  a 
review  of  the  past  performance  and  a  brief  hydrological  study  of  the 
dam.  I  approve  the  report  and  support  the  findings  and  recommendations 
described  in  Section  7  and  ask  that  you  keep  me  informed  of  the  actions 
taken  to  implement  them.  This  follow-up  action  is  vitally  important. 


Copies  of  this  report  have  been  forwarded  to  the  Department  of  Environ¬ 
mental  Quality  Engineering,  and  to  the  owner.  Commonwealth  of 
Massachusetts,  Department  of  Environmental  Management,  Water  Resources 
Commission,  Boston,  MA.  Copies  will  be  available  to  the  public  in 
thirty  days. 


I  wish  to  thank  you  and  the  Department  of  Environmental  Quality 
Engineering  for  your  cooperation  in  this  program. 


Sincerely 


Incl 

As  stated 


C.  E.  EDGAR,  III 

Colonel,  Corps  of  Engineers 

Coomander  and  Division  Engineer 
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Name  of  Dam: 
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County  and  State: 
Stream: 

Date  of  Inspection: 


MA  00950 

Horsepond  0am 

North  Brookfield 

Worcester  County,  Massachusetts 

Horse  Pond  Brook 

December  5,  1980 


Horsepond  Dam  is  owned  by  the  Commonwealth  of  Massachusetts,  and 
operated  by  the  Department  of  Environmental  Management,  Water  Resources 
Commission.  The  dam  is  a  multi-purpose  facility  located  in  the  eastern 
portion  of  North  Brookfield,  Massachusetts  and  is  used  for  flood  control 
and  fish  and  wildlife  development.  The  dam 'an  earth  embankment  structure 
with  a  reinforced  concrete  core  wa11«  creates  an  impoundment  with  a 
storage  of  1,700  acre-feet.  It  is  1,900  feet  long  and  has  a  hydraulic 
height  of  35.2  feet.  There  are  three  dikes  in  saddles  near  the  left  end 
of  the  dam.  The  principal  spillway  is  a  30-inch  reinforced  concrete 
pipe  and  discharges  to  Horse  Pond  Brook.  It  acts  as  the  low  level 
outlet.  The  emergency  spillway  is  a  200- foot  long  earth  embankment  on 
the  right  side  of  the  dam  and  also  discharges  overland  through  a  wooded 
area  to  Fivemile  River. 

As  a  result  of  the  visual  inspection  and  a  review  of  available 
data,  Horsepond  Dam  is  considered  to  be  in  fair  condition.  Major 
concerns  are:  extensive  vehicle  trespassing  and  consequent  erosion  of 
the  upstream  and  downstream  slopes  of  the  dam  and  the  crests  of  the 
three  dikes;  lack  of  erosion  protection  on  the  crest  of  the  dam;  wheel 
tracks  on  the  downstream  slope  of  Dike  C;  and  trees  growing  in  the 
reservoir  and  at  the  downstream  end  of  the  emergency  spillway. 

The  dam  is  classified  as  intermediate  in  size  and  a  significant 
hazard  structure  in  accordance  with  the  recommended  guidelines  established 
by  the  Corps  of  Engineers.  The  test  flood  range  for  this  dam  is  the  1/2 
Probable  Maximum  Flood  (PMF)  to  full  PMF.  Since  the  dam  is  a  significant 
hazard  and  is  in  the  intermediate  size  range,  the  PMF  was  utilized  for 
the  hydrologic  analysis.  The  test  flood  inflow  was  estimated  to  be 
7,830  cubic  feet  per  second  (cfs)  and  resulted  in  an  outflow  discharge 
estimated  to  be  4,600  cfs,  which  would  result  in  the  test  flood  elevation 
approximately  the  elevation  of  the  top  of  the  dam.  The  maximum  spillway 


capacity  with  the  water  level  at  the  dam  crest  was  estimated  to  be  4,200 
cfs,  which  is  approximately  the  test  flood  discharge. A  major  breach  to 
Horsepond  Dam  would  increase  the  stage  along  the  immediate  downstream 
channel  leading  to  Fivemile  River  to  approximately  8  feet.  Such  a 
breach  would  cause  Spencer  Road,  Hines  Bridge  Road,  and  the  Lake  Lashaway 
Dam  at  State  Route  2  downstream  of  the  dam  to  be  overtopped.  It  is 
estimated  that  approximately  15  houses  along  the  shore  of  Lake  Lashaway 
would  be  affected  and  that  they  would  be  subjected  to  2-5  feet  of  flooding. 

It  is  recommended  that  the  owner  engage  a  qualified  registered 
professional  engineer  to:  determine  the  cause  of  erosion  on  the  down¬ 
stream  dam  face;  specify  and  oversee  repairs  for  erosion  occurring  from 
vehicle  trespassing;  specify  and  oversee  construction  of  adequate 
erosion  protection  for  the  crests  of  the  dam  and  dikes;  and  inspect  the 
dam  for  seepage  during  periods  of  high  pond  levels.  The  owner  should 
also  replace  the  inlet  trash  rack  and  grate,  remove  specified  vegetation, 
trees,  and  brush  from  the  dam  site,  repair  vehicular  damage  and  all 
eroded  areas,  and  limit  dam  access  to  authorized  vehicles  only.  A 
visual  inspection  should  be  made  once  a  month.  A  surveillance  program 
should  be  established  for  use  during  and  after  a  heavy  rainfall,  and  a 
downstream  warning  program  developed. 

The  recommendation  and  remedial  measures  are  described  in  Section  7 
and  should  be  addressed  by  the  owner  within  one  year  after  receipt  of 
this  Phase  I  Inspection  Report. 


Project  Manager 
M.P.E.  No.  28447 

SCHOENFELD  ASSOCIATES,  INC. 
Boston,  Massachusetts 
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This  Phase  I  Inspection  Report  on  Horsepond  Dam  (MA-00950) 
has  been  reviewed  by  the  undersigned  Review  Board  members.  In  our 
opinion,  the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  Recommended  Guidelines  for  Safety  Inspection  of 
Dams ,  and  with  good  engineering  judgement  and  practice,  and  is  hereby 
submitted  for  approval . 


ARAMAST  MAHTESIAN,  MEMBER 
Geotechnical  Engineering  Branch 
Engineering  Division 


CARNEY  M.  TERZIAN,  MEMBER 
Design  Branch 
Engineering  Division 


Engineering  Division 


APPROVAL  RECOMMENDED: 


JOE  B.  FRYAR 

Chief,  Engineering  Division 


PREFACE 


This  report  1s  prepared  under  guidance  contained  In  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations. 

Copies  of  these  guidelines  may  be  obtained  from  the  Office  of  Chief  of 
Engineers,  Washington,  D.C.  20314.  The  purpose  of  a  Phase  I  Investigation 
Is  to  Identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessment  of  the  general  condition  of  the  dam  Is 
based  upon  available  data  and  visual  Inspections.  Detailed  Investigation 
and  analysis  Involving  topographic  mapping,  subsurface  Investigations, 
testing,  and  detailed  computational  evaluations  are  beyond  the  scope  of 
a  Phase  I  Investigation;  however,  the  Investigation  Is  Intended  to 
Identify  any  need  for  such  studies. 

In  reviewing  this  report.  It  should  be  realized  that  the  reported 
condition  of  the  dam  Is  based  on  observations  of  field  conditions  at  the 
time  of  Inspection  along  with  data  available  to  the  Inspection  team.  In 
cases  where  the  reservoir  was  lowered  or  drained  prior  to  Inspection, 
such  action,  while  Improving  the  stability  and  safety  of  the  dam,  removes 
the  normal  load  on  the  structure  and  may  obscure  certain  conditions 
which  might  otherwise  be  detectable  If  Inspected  under  the  normal 
operating  environment  of  the  structure. 

It  Is  Important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly,  changing  Internal  and  external  conditions,  and 
Is  evolutionary  In  nature.  It  would  be  Incorrect  to  assume  that  the 
present  condition  of  the  dam  will  continue  to  represent  the  condition  of 
the  dam  at  some  point  In  the  future.  Only  through  continued  care  and 
Inspection  can  there  be  any  chance  that  unsafe  conditions  be  detected. 

Phase  I  Inspections  are  not  Intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  guidelines, 
the  Spillway  Test  Flood  Is  based  on  the  estimated  "Probable  Maximum 
Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff),  or 
fractions  thereof.  Because  of  the  magnitude  and  rarity  of  such  a  storm 
event,  a  finding  that  a  spillway  will  not  pass  the  test  flood  should  not 
be  Interpreted  as  necessarily  posing  a  highly  Inadequate  condition.  The 
test  flood  provides  a  measure  of  relative  spillway  capacity  and  serves 
as  an  aide  in  determining  the  need  for  more  detailed  hydrologic  and 
hydraulic  studies,  considering  the  size  of  the  dam,  Its  general  condition, 
and  the  downstream  damage  potential. 

The  Phase  I  Investigation  does  not  Include  an  assessment  of  the 
need  for  fences,  gates,  no-trespassing  signs,  repairs  to  existing  fences 
and  railings,  and  other  Items  which  may  be  needed  to  minimize  trespassing 
and  provide  greater  security  for  the  facility  and  safety  to  the  public. 

An  evaluation  of  the  project  for  compliance  with  OSHA  rules  and  regulations 
Is  also  excluded. 


1v 


HORSEPONO  DAM 


TABLE  OF  CONTENTS 


Section 

Brief  Assessment 
Review  Board  Page 
Preface 

Table  of  Contents 
Overview  Photo 
Location  Map 


REPORT 


1 .  PROJECT  INFORMATION 

1 . 1  General 

a.  Authority 

b.  Purpose 

1.2  Description  of  Project 

a.  Location 

b.  Description  of  Dam  and  Appurtenances 

c.  Size  Classification 

d.  Hazard  Classification 

e.  Ownership 

f.  Operator 

g.  Purpose  of  Dam 

h.  Design  and  Construction  History 

i.  Normal  Operation  Procedures 

1.3  Pertinent  Data 

a.  Drainage  Area 

b.  Discharge  at  Dam  Site 

c.  Elevation 

d.  Reservoir 

e.  Storage 

f.  Reservoir  Surface 


Sect! on 


Page 


g.  Dam 

h.  Diversion  and  Regulating  Tunnel 
1.  Spillway 

j.  Regulating  Outlet 

ENGINEERING  DATA 

2.1  Design 

2.2  Construction 

2.3  Operation 

2.4  Evaluation 

a.  Availability 

b.  Adequacy 

c.  Validity 

VISUAL  INSPECTION 

3.1  Findings 

a.  General 

b.  Dam 

c.  Appurtenant  Structures 

d.  Reservoir 

e.  Downstream  Channel 

3.2  Evaluation 

OPERATIONAL  AND  MAINTENANCE  PROCEDURES 

4.1  Operational  Procedures 

a.  General 

b.  Description  of  any  Warning  System 
In  Effect 

4.2  Maintenance  Procedures 

a.  General 

b.  Operating  Facilities 

4.3  Evaluation 


.  -.-I 


■  ■  . 


vi 


Section  Page 

5.  EVALUATION  OF  HYDRAULIC/HYDROLOGIC  FEATURES  5-1 

5.1  General  5-1 

5.2  Design  Data  5-1 

5.3  Experience  Data  5-1 

5.4  Test  Flood  Analysis  5-1 

5.5  Dam  Failure  Analysis  5-2 

6.  EVALUATION  OF  STRUCTURAL  STABILITY  6-1 

6.1  Visual  Observations  6-1 

6.2  Design  and  Construction  Data  6-1 

6.3  Post-Construction  Changes  6-2 

6.4  Seismic  Stability  6-2 

7.  ASSESSMENT,  RECOMMENDATIONS,  AND  REMEDIAL  MEASURES  7-1 

7.1  Dam  Assessment  7-1 

a.  Condition  7-1 

b.  Adequacy  of  Information  7-1 

c.  Urgency  7-2 

7.2  Recommendations  7-2 

7.3  Remedial  Measures  7-2 

a.  Operation  and  Maintenance  Procedures  7-2 

7.4  Alternatives  7-2 

APPENDICES 

APPENDIX  A  -  INSPECTION  CHECK  LIST 

APPENDIX  B  -  ENGINEERING  DATA 

APPENDIX  C  -  SELECTED  PHOTOGRAPHS 

APPENDIX  D  -  HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 

APPENDIX  E  -  INFORMATION  AS  CONTAINED  IN  THE  NATIONAL 

INVENTORY  OF  DAMS 


vii 


OVERVIEW  PHOTOGRAPHY 
HORSEPOND  DAM 


vi  i  i 


v  '  v- «rtAK'ooueft^  tyrpfNSE  -  •:-:■■ 

);  X  v.-Aj  1 1 


A^-:- 


■  A',>F'rl^^'-  A  A'A 

Ar)'/AN  V’ 

,V(:^ 


x/mm 


i^'^l 
- - - 


://r:A^))  ^ 


:^L'PO(MO  DAM 


=^  *_  '  ^i!f^ 


ccz^^ 


HORSEPor:- 

location; 


North  Brootifieia,  Mos'sarhvfs- 
U’juS  Ouod  North  tjrooKftt 


NATIONAL  DAM  INSPECTION  PROGRAM 
PHASE  I  -  INSPECTION  REPORT 
HORSEPONO  DAM 


SECTION  1 

PROJECT  INFORMATION 


1 . 1  General 


a.  Authority.  Public  Law  92-367,  August  8,  1972,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to  initiate  a 
National  Program  of  0am  Inspection  throughout  the  United  States.  The 
New  England  Division  of  the  Corps  of  Engineers  has  been  assigned  the 
responsibility  of  supervising  the  Inspection  of  dams  within  the  New 
England  Region.  Schoenfeld  Associates,  Inc.  has  been  retained  by  the 
New  England  Division  to  inspect  and  report  on  selected  dams  in  the 
Commonwealth  of  Massachusetts.  Authorization  and  notice  to  proceed  were 
issued  to  Schoenfeld  Associates,  Inc.  under  a  letter  of  October  30,  1980 
from  Colonel  William  E.  Hodgson,  Jr.,  Deputy  Division  Engineer.  Contract 
No.  DACW33-81-C-0010  has  been  assigned  by  the  Corps  of  Engineers  for 
this  work. 

b.  Purpose 

(1)  To  perform  technical  inspection  and  evaluation  of  nonfederal 
dams  to  identify  conditions  which  threaten  the  public  safety 
and  thus  permit  correction  in  a  timely  manner  by  nonfederal 
interests. 

(2)  To  encourage  and  prepare  the  states  to  initiate  quickly  effect! 
dam  safety  programs  for  nonfederal  dams. 

(3)  To  update,  verify,  and  complete  the  National  Inventory  of 
Dams. 

1.2  Description  of  Project 

a.  Location.  Horsepond  Dam  is  located  on  Horse  Pond  Brook  approx¬ 
imately  700  feet  upstream  of  Fivemile  River  in  -he  town  of  North  Brook¬ 
field,  Massachusetts.  Fivemile  River  flows  into  Lake  Lashaway  on  the 
North  Brookfield-East  Brookfield  town  line.  The  outflow  from  Lake 
Lashaway  is  the  East  Brookfield  River.  It  flows  into  the  Quaboag  River. 
The  dam  is  shown  on  the  U.S.G.S.  quadrangle  sheet  for  North  Brookfield, 
Massachusetts.  Its  approximate  coordinates  are  N42°-16'-48"  and  W72°- 
02'-30".  The  location  of  the  dam  is  shown  on  the  preceding  page. 


b.  Description  of  Dam  and  Appurtenances.  Horsepond  Dam  is  an 
earth  embankment  structure  having  a  reinforced  concrete  core  wal 1 .  The 
drawings  obtained  from  the  owner  indicate  that  the  dam  is  1,900  feet 
long  and  has  a  maximum  structural  height  of  41  feet.  The  height  from 
the  top  of  the  dam  to  the  downstream  invert  of  the  low-level  outlet  is 
35  feet.  Both  the  upstream  and  downstream  slopes  of  the  embankment  are 
covered  with  coarse  grass  and  weeds  which  have  not  been  mowed.  The 
crest  of  the  dam  consists  of  sand  and  gravel.  The  drawings  indicate 
that  there  are  four  zones  to  the  embankment,  consisting  of  clayey  sand 
and  gravel,  silty  sand,  clean  sands  and  gravel,  and  a  50-foot  berm. 

Appurtenant  structures  consist  of  three  dikes  in  saddles  near 
the  left  end  of  the  dam,  an  inlet  riser,  a  30-inch  low-level  outlet,  and 
an  outlet  impact  basin.  Dike  A  is  a  120- foot  long  earthen  dike  located 
approximately  200  feet  from  the  left  abutment  of  the  dam.  Dike  B  is  a 
50-foot  long  earthen  dike  located  approximately  370  feet  west  southwest 
of  Dike  A.  Dike  C  is  a  270- foot  long  earthen  dike  located  approximately 
120  feet  south  of  Dike  B.  The  top  width  of  each  dike  is  14  feet.  The 
emergency  spillway  is  a  200- foot  long,  50- foot  wide  earth  embankment 
having  side  slopes  of  3H:1V,  and  discharges  overland  to  Fivemile  River. 
The  30- inch  outlet  is  located  in  the  center  portion  of  the  dam  and 
discharges  to  Horse  Pond  Brook. 

c.  Size  Classification.  The  dam  is  considered  to  be  intermediate 
in  size  because  the  hydraulic  height  is  35.2  feet  and  the  storage  is 
1,700  acre-feet.  This  is  in  accordance  with  the  Recommended  Guidelines 
for  Safety  Inspections  for  Dams,  which  defines  an  intermediate  dam  as 
having  a  storage  capacity  of  1,000  to  50,000  acre-feet. 

d.  Hazard  Classification.  The  potential  for  hazard  posed  by  this 
dam  is  classified  as  significant.  This'  is  in  accordance  with  the 
Recommended  Guidelines  for  Safety  Inspection  for  Dams,  which  defines  a 
significant  structure  as  one  which  poses  a  threat  to  a  few  lives.  A 
major  breach  to  Horsepond  Dam  would  result  in  the  overtopping  of  Spencer 
Road,  Hines  Bridge  Road,  and  the  Lake  Lashaway  Dam  at  State  Route  9.  In 
addition,  approximately  15  houses  along  the  shores  of  Lake  Lashaway 
would  be  affected.  They  would  be  subjected  to  2-5  feet  of  flooding. 

e.  Ownership.  The  dam  is  owned  by  the  Commonwealth  of  Massa¬ 
chusetts. 


f.  Operator.  The  dam  is  operated  and  maintained  by  the  Commonwealth 
of  Massachusetts,  Department  of  Environmental  Management,  Water  Resources 
Commission,  Division  of  Water  Resources,  100  Cambridge  Street,  Boston, 
Massachusetts  02202.  The  director  of  the  Commission  is  Mr.  William 
Kennedy.  The  operator  of  the  dam  is  Mr.  Michael  Beshara,  senior  civil 
engineer.  His  telephone  number  is  (617)  727-3267. 

g.  Purpose  of  Dam.  Horsepond  Dam  is  a  multi-purpose  facility 
designed  for  flood  control  and  fish  and  wildlife  development. 


h.  Design  and  Construction  History.  Horsepond  Dam,  completed  in 
1964,  forms  part  of  the  Upper  Quabog  River  Watershed  Project.  It  was 
built  under  the  Watershed  Protection  and  Flood  Prevention  Act  by  the 
Massachusetts  Water  Resources  Commission  (WRC)  and  the  Southern  and 
Northwestern  Worcester  County  Conservation  Districts,  with  the  assistance 
of  the  U.S.  Soil  Conservation  Service. 


i.  Normal  Operation  Procedures.  The  level  of  the  water  surface 
is  self-regulated  by  the  inlet  structure.  The  riser  has  no  control 
mechanism  of  any  kind. 

1 . 3  Pertinent  Data 

a.  Drainage  Area.  The  area  tributary  to  Horsepond  Dam  consists 
of  2,600  acres  (4. 1  square  miles)  of  rolling  terrain.  There  is  no 
development  in  the  watershed.  The  maximum  watershed  elevation  is  at 
about  1,115  feet;  the  reservoir  full  elevation  is  at  678.7  feet. 

The  area  around  the  dam  is  mostly  wooded.  There  are  no 
cottages  or  dwellings  along  the  shoreline. 


Discharge  at  Dam  Site 


(1)  Outlet  works  for  Horsepond  Dam  consist  of  an  inlet  riser,  a 
30-inch  principal  spillway  which  acts  as  a  low  level  outlet, 
and  an  outlet  impact  basin.  The  invert  of  the  outlet  is  at 
645.0.  Maximum  discharge  of  the  pipe  when  the  water  surface 
is  at  the  top  of  the  dam  (elevation  678.7)  is  about  110  cfs. 
The  emergency  spillway  is  a  200-foot  long,  50-foot  wide  earth 
embankment.  When  the  water  surface  is  at  the  top  of  dam,  the 
spillway  will  have  a  capacity  of  4,200  cfs. 


(2)  Daily  records  of  maximum  water  surface  elevation  are  not 
maintained. 


(3)  The  emergency  spillway  and  outlet  capacity  with  the  water 
surface  at  the  top  of  the  dam  is  approximately  4,310  cfs  at 
elevation  678.7. 


(4)  The  emergency  spillway  and  outlet  capacity  with  the  water 
surface  elevation  at  the  test  flood  elevation  of  678.75  is 
approximately  4,600  cfs. 

(5)  The  gated  spillway  capacity  at  the  normal  pool  elevation  is 
not  applicable. 

(6)  The  gated  spillway  capacity  at  the  test  flood  elevation  is  not 
appl icable. 

(7)  The  total  spillway  capacity  at  the  test  flood  elevation  is 
4,200  cfs  at  678.75  elevation. 
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(8) 

The  total  project  discharge  at  the  top  of  dam  is  4,310  cfs  at 

678.7  elevation. 

i 

(9) 

The  total  project  discharge  at  the  test  flood  elevation  of 

678.75  is  approximately  4,600  cfs. 

• 

c. 

Elevation  (feet  NGVD) 

(1) 

Streambed  at  centerline  of  dam  -  643.5 

- 

(2) 

Bottom  of  cutoff  -  640.6 

• 

(3) 

Maximum  tailwater  -  unknown 

(4) 

Normal  pool  -  647.3  (fish  and  wildlife  sediment  pool) 

(5) 

Flood  control  pool  -  675.0 

t 

(6) 

Emergency  spillway  crest  -  675.0  (not  gated) 

V-;' 

1 

(7) 

Design  surcharge  -  unknown 

(8) 

Test  flood  surcharge  -  678.75 

i. 

", 

(9) 

Top  of  dam  -  678.7 

d. 

Reservoir  (length  in  feet) 

k 

(1) 

Normal  pool  -  750 

1 

(2) 

Flood  control  pool  -  5,100 

(3) 

Emergency  spillway  crest  pool  -  5,100 

■ 

(4) 

Test  flood  pool  -  5,200 

i  . 

(5) 

Top  of  dam  -  5,200 

e. 

Storage  (gross  acre-feet) 

— 

(1) 

Normal  pool  -  20 

» 

(2) 

Flood  control  pool  -  1,339 

i-S;; 

(3) 

Emergency  spillway  crest  pool  -  1,396 

(4) 

Test  flood  pool  -  1,700 

V; 

(5) 

Top  of  dam  -  1,700 

1 
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f.  Reservoir  Surface  (acres) 

(1)  Normal  pool  -  6  (fish  and  wildlife  sediment  pool) 

(2)  Flood  control  pool  -  70 

(3)  Spillway  crest  pool  -  70 

(4)  Test  flood  pool  -  80 

(5)  Top  of  dam  -  80 

g.  Dam 

(1)  Type  -  earth  fill  with  reinforced  concrete  core  wall 

(2)  Length  -  1,900  feet 

(3)  Hydraulic  height  -  35.2  feet;  structural  height  -  41  feet 

(4)  Top  width  -  14  feet 

(5)  Side  slopes  -  3  vertical  to  1  horizontal 

(6)  Zoning  -  Zone  I  consists  of  compacted  fill,  Class  B-2  sand  and 
gravel  (SC-GC);  Zone  II  consists  of  compacted  fill.  Class  B-2 
silty  sand  (SM) 

(7)  Impervious  core  -  reinforced  concrete 

(8)  Cutoff  -  perforated  corrigated  pipe  10  inches  in  3/4-inch 
stone 

(9)  Grout  curtain  -  none 

(10)  Other  -  none 

h.  Diversion  and  Regulating  Tunnel  -  Not  applicable 

i .  Spillway 

(1)  Type  -  the  emergency  spillway  is  a  section  of  the  gravel  road 
which  provides  access  to  the  site;  topsoil  with  grass  slope  at 
0.0285  feet/feet 

the  principal  spillway  is  a  30-inch  concrete  pipe  located  in 
the  central  part  of  the  dam 

(2)  Length  of  weir  -  emergency  spillway;  200  feet  long  by  50  feet 
wide 

principal  spillway:  15  feet 
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(3)  Crest  elevation  -  emergency  spillway:  675.0 
principal  spillway:  650.0 

(4)  Gates  -  emergency  spillway:  none 
principal  spillway:  none 

(5)  U/S  channel  -  emergency  spillway:  the  upstream  channel  is  the 
upstream  slope  of  the  dam 

principal  spillway:  the  upstream  channel  is  below  the  normal 
water  surface  elevation  of  the  pond 

(6)  D/S  channel  -  emergency  spillway:  there  is  no  defined  channel 
principal  spillway:  Horse  Pond  Brook  discharges  700  feet  into 
Fivemile  River 

(7)  General  -  emergency  spillway:  discharges  overland  to  Fivemile 
River 

principal  spillway:  riser  structure  at  upstream  end  of  spillway 
and  impact  basin  at  downstream  end 

j.  Regulating  Outlet 

(1)  Invert  -  645.0  upstream;  643.0  downstream 

(2)  Size  -  30-inch  reinforced  concrete  pipe,  193  feet  long 

(3)  Description  -  the  outflow  enters  Horsepond  Brook  which  is  an 
earth  channel  with  a  bottom  width  of  10  feet  and  a  sideslope 
of  1:1;  the  channel  runs  in  an  easterly  direction  for  approx¬ 
imately  700  feet  where  it  meets  Fivemile  River 

(4)  Control  mechanism  -  a  riser  structure  with  an  elevation  of 
650.0  is  located  on  the  upstream  end  of  the  principal  spillway 

(5)  Other  -  none 
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SECTION  2 
ENGINEERING  DATA 


2. 1  Design 

Both  design  and  as-built  drawings  were  obtained  from  the  Massachusetts 
Water  Resources  Commission.  The  drawings  show  plans  of  the  dam  and 
storage  area  as  well  as  elevations,  sections,  and  construction  details 
of  the  dam  and  all  appurtenances.  Design  calculations  were  obtained 
from  the  Soil  Conservation  Service. 

2.2  Construction 


No  construction  records  were  available  for  use  in  evaluating  the 
dam.  The  dam  was  constructed  in  1964  by  Welch  and  Coor  Construction 
Company,  Inc.,  Springfield,  Massachusetts. 

2. 3  Operation 

The  level  of  the  water  surface  is  controlled  by  the  riser  structure. 
It  has  no  control  mechanism  of  any  kind. 

2.4  Evaluation 


a.  Availability.  The  engineering  data  used  in  the  preparation  of 
this  report  are  presented  in  Appendix  B. 

b.  Adequacy.  Available  engineering  data  and  design  drawings  are 
considered  adequate  for  a  Phase  I  investigation,  although  seepage  problems 
could  not  be  evaluated  because  of  the  low  water  elevation. 

c.  Val idity.  The  field  investigation  indicated  that  the  external 
features  of  Horsepond  Dam  have  not  changed  substantially  from  the 
design  drawings  of  1964. 


SECTION  3 
VISUAL  INSPECTION 


3. 1  Findings 


a.  General .  The  visual  inspection  of  Horsepond  Dam  was  conducted 
on  December  5,  1980.  The  field  inspection  team  consisted  of  personnel 
from  Schoenfeld  Associates,  Inc.,  0.  Baugh  Associates,  Inc.,  and  Geo¬ 
technical  Engineers,  Inc.  Two  representatives  from  the  Soil  Conservation 
Service  and  one  from  the  Massachusetts  Water  Resources  Commission  were 
also  present.  Inspection  checklists,  completed  during  the  field  site 
visit,  are  included  in  Appendix  A.  Selected  photographs  of  the  dam  are 
contained  in  Appendix  C. 

Horsepond  Dam  is  a  flood-control  and  fish  and  wildlife  develop¬ 
ment  dam.  At  the  time  of  the  inspection  the  water  level  in  the  reservoir 
was  approximately  at  the  elevation  of  the  riser  inlet. 

b.  D^.  The  dam  is  an  earth  embankment  structure,  with  a  reinforced 
concrete  core  wall  approximately  1,900  feet  long. 

Both  the  upstream  and  downstream  slopes  of  the  embankment  are 
in  fair  condition,  although  they  are  covered  with  coarse  grass  and  weeds 
which  have  not  been  mowed  (Photo  No.  1).  Trespassing  by  both  two-wheel 
and  four-wheel  vehicles  and  consequent  erosion,  however,  is  very  extensive, 
particularly  at  the  contact  between  the  downstream  slope  and  the  left 
abutment  (Photo  No.  2),  on  the  downstream  slope  in  the  vicinity  of  the 
impact  basin  (Photo  No.  3),  along  the  entire  downstream  toe  of  the  dam, 
and  near  the  toe  of  the  upstream  slope  between  the  low-level  outlet  and 
the  right  abutment  (Photo  Nos.  4,  5,  and  6).  These  vehicle  intrusions 
have  left  the  upstream  face  and  the  entire  toe  of  the  downstream  face 
rutted  with  some  erosion  noted  on  the  northerly  downstream  face.  No 
other  signs  of  distress  in  the  upstream  and  downstream  faces  were  visible. 

The  crest  of  the  dam  consists  of  sand  and  gravel  and  is  totally 
bare  of  vegetation.  Vehicles  are  apparently  driven  frequently  over  the 
entire  length  of  the  crest  and  are  responsible  for  this  lack  of  any 
stabilizing  grasses  on  a  portion  of  the  spillway/dam  crest.  This  condition 
is  not  as  advanced  as  the  one  previously  mentioned,  however. 

No  seepage  was  observed  anywhere  along  the  downstream  face  of 
the  dam,  although  it  must  be  noted  that  at  the  time  of  inspection  the 
pool  elevation  was  low. 
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c.  Appurtenant  Structures.  The  emergency  spillway  is  a  200-foot 
long  earth  embankment  at  the  right  end  of  the  dam  (Photo  No.  7).  It  is 
excavated  in  sands  and  gravels  at  the  right  abutment.  The  spillway 
consists  of  grass-stabilized  earth.  There  is  a  sparse  growth  of  grass 
and  weeds  in  the  bottom  and  on  the  side  slopes  of  the  channel.  The 
channel  discharges  into  an  area  that  is  completely  covered  with  trees 
(Photo  No.  8).  The  overall  condition  of  the  spillway  is  good,  although 
some  areas  have  been  bared  by  vehicular  traffic. 

The  design  drawings  show  three  dikes  in  saddles  near  the  left 
end  of  the  dam.  All  three  dikes  lie  on  the  alignment  of  a  dirt  road 
which  extends  north  from  the  dam. 

Dikes  A  and  B  appear  to  be  in  good  condition,  with  no  signs  of 
distress.  All  have  moderate  grassy  vegetation  on  both  their  upstream 
and  downstream  dike  faces. 

Dike  A,  which  is  the  one  closest  to  the  left  end  of  the  dam, 
is  so  low  that  it  is  not  distinguishable  during  a  visual  inspection. 

Dike  B,  which  is  the  second  closest  to  the  dam,  is  also  very 
low  and  is  distinguishable  only  because  of  the  presence  of  vetch  which 
was  planted  on  the  downstream  side  of  the  dike. 

Dike  C  is  the  only  dike  which  has  a  significant  height.  There 
was  no  water  against  the  upstream  side  of  the  dike  at  the  time  of  the 
inspection.  The  dirt  road  on  the  crest  of  the  dike  is  completely  bare 
of  vegetation  or  other  type  of  erosion  protection  (Photo  No.  9).  Both 
the  upstream  and  downstream  slopes  of  the  dike  are  covered  with  a  dense 
growth  of  coarse  weeds  and  grass.  Vehicle  tracks  along  the  downstream 
roe  of  the  dike  are  bare  of  vegetation  and  there  is  significant  erosion 
on  the  downstream  slope  near  the  left  abutment  where  the  dirt  road  runs 
off  the  top  of  the  dike. 

Other  appurtenant  structures  consist  of  an  inlet  riser  (Photo 
No.  10),  30-inch  reinforced  concrete  pipe  outlet  and  outlet  impact  basin 
(Photo  No.  11).  All  are  in  good  condition,  although  the  inlet  riser  did 
not  have  a  trash  rack  and  grate  at  the  time  of  inspection  though  there 
were  provisions  for  one. 

Two  8-inch  CMP  drains  were  discharging  a  small  amount  of  water 
into  the  left  and  right  sides  of  the  headwall  structure  at  the  impact 
basin.  These  appear  to  be  toe  drains.  The  southerly  drain  was  dry,  but 
the  northerly  drain  was  flowing  at  one-quarter  of  capacity. 

Three  observation  wells  were  observed  near  the  toe  of  the  dam 
between  the  impact  basin  and  the  right  abutment. 


d.  Reservoir.  The  area  immediately  adjacent  to  the  pond  is 
moderately  sloped  and  well  vegetated  with  brush  and  small-  to  medium¬ 
sized  tress.  Many  of  the  trees  are  growing  in  the  reservoir  area,  above 
the  level  of  the  conservation  pool  but  below  the  elevation  of  the  crest 
of  the  dam.  No  evidence  of  significant  sedimentation  in  the  reservoir 
was  observed. 

The  shoreline  shows  no  signs  of  sloughing  or  erosion  (Photo 
No.  12).  A  rapid  rise  in  the  water  level  of  the  pond  would  not  endanger 
life  or  property. 

e.  Downstream  Channel .  There  are  essentially  two  downstream 
channels.  One  channel  is  Horse  Pond  Brook  and  was  excavated  from  the 
low-level  outlet  in  an  easterly  direction  to  the  Fivemile  River  (Photo 
No.  13).  A  zone  about  25  feet  wide  on  each  side  of  this  channel  is 
maintained  free  of  trees  and  brush.  The  second  channel  is  the  apparent 
remnant  of  Horse  Pond  Brook,  where  it  flowed  before  construction  of  the 
dam.  Water  was  flowing  in  a  ditch  along  the  perimeter  of  what  appears 
to  be  a  low  berm  next  to  the  downstream  toe  of  the  dam  in  the  vicinity 
of  this  second  channel  (Photo  No.  14).  The  entire  area  downstream  of 
the  dam  appears  to  be  a  natural  swamp  which  existed  before  the  dam  was 
built.  Because  of  the  generally  swampy  nature  of  the  area  at  the  down¬ 
stream  toe  it  appears  likely  that  the  water  flowing  in  this  ditch  is 
primarily  groundwater  intercepted  by  the  ditch  and  that  it  is  not  signi¬ 
ficantly  affected  by  seepage  from  the  reservoir,  which  was  at  a  low 
level  at  the  time  of  the  inspection. 

The  man-made  downstream  channel  is  in  good  condition  and  the 
area  adjacent  to  it  is  free  of  brush  and  trees, 

3.2  Evaluation 


On  the  basis  of  the  visual  inspection  the  dam  is  judged  to  be  in 
fair  condition. 

Very  extensive  vehicular  traffic  and  consequent  erosion  on  the 
upstream  and  downstream  slopes  of  the  dam  could  lead  to  breaching  of  the 
dam  if  not  prevented. 

The  crest  of  the  dam  is  used  as  a  roadway  and  is  completely  bare  of 
vegetation  or  other  erosion  protection.  Erosion  of  the  crest  and  breaching 
could  occur  if  the  dam  were  to  be  overtopped.  The  crests  of  Dikes  A,  B, 
ad  C  are  all  used  as  roadways  and  are  completely  bare  of  vegetation  or 
other  erosion  protection.  Erosion  of  the  crasts  and  breaching  could 
occur  if  the  dikes  are  overtopped. 

Wheel  tracks  on  the  downstream  slope  of  Dike  C  near  the  left  abutment 
and  on  the  downstream  toe  area  could  become  a  focus  for  seepage  and 
piping  when  there  is  water  behind  the  dike,  or  for  erosion  at  any  time. 
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Trees  growing  in  the  reservoir  may  be  a  source  of  branches  and  logs 
which  could  plug  the  low-level  outlet  during  flood  flows. 

Trees  growing  at  the  downstream  end  of  the  emergency  spillway  at 
the  left  abutment  might  catch  debris  and  reduce  the  capacity  of  the 
spillway  to  the  extent  that  the  dam  might  be  overtopped  during  flood 
periods. 

Grass  and  coarse  weeds  growing  on  both  the  upstream  and  downstream 
slopes  of  the  dam  make  it  very  difficult  to  inspect  those  slopes  ade¬ 
quately. 

The  absence  of  a  trash  rack  and  grate  on  the  riser  structure  could 
result  in  debris  and  brush  blocking  the  30-inch  outlet  pipe. 

Because  the  water  level  in  the  reservoir  was  very  low  at  the  time 
of  the  inspection  it  was  not  possible  to  evaluate  whether  there  are  any 
seepage  problems  when  the  reservoir  is  at  high  levels. 

The  general  structural  condition  of  the  dam  is  fair.  The  visual 
inspection  revealed  only  a  few  negative  items  leading  to  this  assessment, 
including: 

(1)  Some  erosion  on  northerly  downstream  slope. 

(2)  Embankment  damage  due  to  vehicular  intrusion. 

(3)  Lack  of  vegetation  control  (primarily  grasses)  on  the  dam 
embankments. 

(4)  Lack  of  a  trash  rack  and  grate  on  the  inlet  riser. 
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SECTION  4 

OPERATIONAL  AND  MAINTENANCE  PROCEDURES 


4. 1  Operational  Procedures 

a.  General .  Horsepond  Dam  is  a  multi-purpose  facility  used  for 
flood  control  and  fish  and  wildlife  development.  The  level  of  the  water 
surface  is  controlled  by  a  riser  located  at  the  upper  end  of  the  low- 
level  outlet. 

b.  Description  of  Any  Warning  System  in  Effect.  No  written 
warning  system  or  emergency  preparedness  system  exists  for  the  dam. 

4.2  Maintenance  Procedures 

a.  General .  The  Commonwealth  of  Massachusetts,  Department  of 
Environmental  Management,  Water  Resources  Commission,  Division  of  Water 
Resources,  is  responsible  for  maintenance  of  the  dam.  There  are  no 
established  procedures  or  manuals.  The  dam  is  inspected  each  spring  by 
representatives  of  the  owner,  the  Soil  Conservation  Service  and  the  Town 
of  North  Brookfield.  Any  repairs  are  made  during  the  summer  months  by  a 
Contractor  engaged  by  the  owner.  The  owner  inspects  the  repair  work 
after  completion. 

b.  Operating  Facilities.  No  formal  maintenance  procedures  for 
the  operating  facilities  were  disclosed. 

4.3  Evaluation 


The  current  operational  and  maintenance  procedures  require  improve' 
ment  to  insure  that  normal  problems  can  be  remedied  within  a  reasonable 
period  of  time.  The  dam  and  appurtenant  structures  should  be  visually 
inspected  once  a  month. 

The  owner  should  also  establish  a  surveillance  program  for  use 
during  and  immediately  after  heavy  rainfalls.  A  downstream  warning 
program  to  follow  in  case  of  emergency  should  also  be  developed. 
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SECTION  5 

EVALUATION  OF  HYDROLOGIC/HYDRAULIC  FEATURES 


5.1  General 


Horsepond  Dam  is  an  earth  embankment  structure  having  a  reinforced 
concrete  core  wall.  According  to  design  drawings,  the  dam  is  1,900  feet 
long  and  has  a  hydraulic  height  of  35.2  feet.  The  principal  spillway  is 
a  30“ inch  culvert  located  in  the  center  of  the  dam  and  discharges  to 
Horse  Pond  Brook.  The  riser  structure  on  the  upstream  end  of  the  principal 
spillway,  with  an  elevation  of  650.0,  acts  as  the  low  level  outlet  for 
the  impoundment.  The  emergency  spillway  is  a  200-foot  long  earth  embank¬ 
ment  on  the  right  side  of  the  dam.  The  emergency  spillway  discharges  to 
Fivemile  River.  The  crest  consists  of  sand  and  gravel  and  is  totally 
bare  of  vegetation. 

5. 2  Design  Data 

Hydrological  and  hydraulic  design  data  were  obtained  from  the  Soil 
Conservation  Service,  451  West  Street,  Amherst,  Massachusetts  01002. 

5.3  Experience  Data 

Daily  readings  of  the  water  surface  elevation  are  not  taken. 

5.4  Test  Flood  Analysis 

The  hydrologic  evaluation  was  performed  utilizing  detailed  design 
information  obtained  from  the  Soil  Conservation  Service,  data  gathered 
during  the  field  inspection  and  watershed  size.  The  test  flood  range  is 
the  1/2  PMF  to  full  PMF  for  this  intermediate  structure.  The  full  PMF 
test  flood  was  selected  because  the  dam  falls  on  the  upper  end  of  the 
intermediate  size  range.  The  drainage  basin  is  essentially  mountainous; 
however,  the  "rolling"  curve  from  the  Corps  of  Engineers  set  of  guide 
curves  was  used  to  account  for  the  large  reservoir  surface  area  as 
compared  to  the  size  of  the  drainage  area. 

Based  on  an  estimated  maximum  probable  flood  peak  flow  rate  of 
1,910  cfs  per  square  mile  and  a  drainage  area  of  4.1  square  miles,  the 
test  flood  inflow  was  estimated  to  be  7,830  cfs.  The  test  flood  was 
routed  through  the  dam  in  accordance  with  the  Corps  of  Engineers  procedure 
for  Estimating  Effect  of  Surcharge  Storage  on  Maximum  Probable  Discharge. 
The  water  surface  was  assumed  to  be  at  elevation  647.3  prior  to  the 
flood  routing.  The  project  discharge  was  estimated  to  be  4,600  cfs. 


This  analysis  Indicated  that  the  test  flood  elevation  would  approximate 
the  elevation  of  the  top  of  dam.  The  maximum  spillway  capacity  with  the 
water  level  at  the  dam  crest  was  therefore  estimated  to  equal  the  test 
flood  discharge.  The  emergency  spillway  channel  has  adequate  capacity 
to  handle  the  test  flood  discharge. 

5.5  Dam  Failure  Analysis 

The  Impact  of  dam  failure  with  the  reservoir  surface  at  the  dam 
crest  was  assessed  utilizing  the  “Rule  of  Thumb"  Guidance  for  Estimating 
Downstream  Dam  Failure  Hydrographs  provided  by  the  Corps  of  Engineers. 

The  analysis  covered  a  reach  extending  approximately  4.2  miles  downstream 
to  a  point  where  the  Fivemlle  River  reaches  and  overtops  Lake  Lashaway 
Dam  and  State  Route  9.  Based  on  this  analysis,  Horsepond  Dam  was  classi¬ 
fied  as  a  significant  hazard. 

The  flow  prior  to  the  breach  was  estimated  to  be  4,300  cfs.  As  a 
result  of  a  major  breach,  the  flow  would  Increase  to  83,000  cfs.  Because 
the  reaches  are  flat  and  wide,  the  antecedent  flow  was  not  considered 
when  the  stage  Increases  were  computed. 


A  major  breach  to  the  Horsepond  Dam  would  Increase  the  stage  along 
the  Immediate  downstream  channel  of  Horse  Pond  Brook  by  approximately  8 
feet.  Such  a  breach  would  cause  Spencer  Road,  Hines  Bridge  Road,  and 
the  Lake  Lashaway  Dam  at  State  Route  9  downstream  of  the  dam  to  be 
overtopped.  It  Is  estimated  that  approximately  15  houses  along  the 
shore  of  Lake  Lashaway  would  be  affected.  They  would  be  subjected  to  2 
5  feet  of  flooding  as  a  result  of  the  breach. 


SECTION  6 

EVALUATION  OF  STRUCTURAL  STABILITY 


6. 1  Visual  Observations 


The  general  structural  stability  of  the  earth  embankment  dam  is 
fair  as  evidenced  by  the  vertical,  horizontal,  and  lateral  alignment. 

Damage  to  dam  embankments  by  vehicular  intrusion  does  not  compromise 
structural  stability.  No  seepage  through  the  dam  could  be  detected  nor 
could  evidence  of  past  seepage  be  found  which  would  indicate  structural 
problems. 

The  following  conditions  observed  during  the  visual  inspection  are 
indicative  of  problems  that  could  result  in  long-term  structural  in¬ 
stability. 

(1)  Very  extensive  trespassing  and  consequent  erosion  on  the 
upstream  and  downstream  slopes  of  the  dam  could  lead  to  breaching 
of  the  dam  if  not  controlled. 

(2)  The  crest  of  the  dam  is  used  as  a  roadway  and  is  completely 
bare  of  vegetation  or  other  erosion  protection.  Erosion  of 
the  crest  and  breaching  could  occur  if  the  dam  were  to  be 
overtopped. 

(3)  The  crests  of  Dikes  A,  B,  and  C  are  all  used  as  roadways  and 
are  completely  bare  of  vegetation  or  other  erosion  protection. 
Erosion  of  the  crests  and  breaching  could  occur  if  the  dikes 
are  overtopped. 

(4)  Wheel  tracks  on  the  downstream  slope  of  Dike  C  near  the  left 
abutment  and  on  the  downstream  toe  area  could  become  a  focus 
for  seepage  and  piping  when  there  is  water  behind  the  dike,  or 
for  erosion  at  any  time. 

6. 2  Design  and  Construction  Data 

Design  drawings  are  available  for  this  dam.  The  drawings  show  that 
the  embankment  is  zoned.  Zone  I  consists  of  the  core  and  a  connecting 
horizontal  blanket  having  a  maximum  thickness  of  4  feet  under  the  upstream 
shell.  This  zone  is  specified  as  clayey  sand  and  gravel.  Zone  II, 
consisting  of  the  upstream  and  downstream  shells,  is  specified  as  a 
silty  sand.  Zone  III  consists  of  a  short  blanket  drain  having  a  minimum 
thickness  of  3  feet  at  the  downstream  toe  and  is  specified  as  clean 
sands  and  gravels.  Zone  IV  is  a  berm  extending  about  50  feet  upstream 
from  the  upstream  toe  of  the  dam,  apparently  to  prevent  a  sliding  failure 
in  the  foundation. 


The  design  data  indicate  that  the  foundation  is  predominantly  sand 
and  silty  sand,  with  occasional  glacial  till  and  occasional  stiff  clay. 
Peat,  having  a  maximum  thickness  of  3  feet  and  an  average  thickness  of  2 
feet,  covered  approximately  one-quarter  of  the  area  where  the  embankment 
was  built.  No  bedrock  was  encountered  in  any  of  the  borings  or  test 
pits  that  were  made  during  the  design  studies. 

The  drawings  call  for  drain  pipes  in  the  short  blanket  drain  at  the 
downstream  toe  of  the  dam,  and  these  are  apparently  the  drains  that  were 
observed  in  the  right  and  left  walls  of  the  headwall  at  the  impact 
basin.  The  drawings  also  call  for  six  anti-seep  collars  on  the  low- 
level  outlet  pipe. 

Apparently  no  seismic  analysis  of  the  stability  of  the  dam  was 

made. 

6.3  Post-Construction  Changes 


No  post-construction  changes  were  observed. 

6.4  Seismic  Stability 

This  dam  is  in  Seismic  Zone  2  and,  in  accordance  with  the  Phase  I 
guidelines,  no  seismic  analysis  is  warranted. 


SECTION  7 

ASSESSMENT .  RECOMMENDATIONS .  AND  REMEDIAL  MEASURES 


7. 1  Dam  Assessment 


a.  Condition.  After  consideration  of  the  available  information, 
the  results  of  the  visual  inspection,  contact  with  the  owner,  and 
hydraulic/hydrologic  studies,  the  general  structural  condition  of  Horsepond 
Dam  is  judged  to  be  fair.  The  following  conditions  are  indicative  of 
potential  long-term  problems: 

(1)  Extensive  trespassing  by  unauthorized  vehicles  and  consequent 
erosion  on  the  upstream  and  downstream  slopes  of  the  dam  could 
lead  to  breaching  of  the  dam  if  not  controlled. 

(2)  The  crest  of  the  dam  is  used  as  a  roadway  and  is  completely 
bare  of  vegetation  or  other  erosion  protection.  Erosion  of 
the  crest  and  breaching  could  occur  if  the  dam  were  to  be 
overtopped. 

(3)  The  crests  of  Dikes  A,  B,  and  C  are  all  used  as  roadways  and 
are  completely  bare  of  vegetation  or  other  erosion  protection. 
Erosion  of  the  crests  and  breaching  could  occur  if  the  dikes 
are  overtopped. 

(4)  Wheel  tracks  on  the  downstream  slope  of  Dike  C  near  the  left 
abutment  and  on  the  downstream  toe  area  could  become  a  focus 
for  seepage  and  piping  when  there  is  water  behind  the  dike,  or 
for  erosion  at  any  time. 

(5)  Trees  growing  in  the  reservoir  may  be  a  source  of  branches  and 
logs  which  could  plug  the  low-level  outlet. 

(6)  Trees  growing  at  the  downstream  end  of  the  emergency  spillway 
at  the  left  abutment  might  catch  debris  and  reduce  the  capacity 
of  the  spillway. 

(7)  The  absence  of  the  trash  rack  and  grate  on  the  riser  could 
result  in  debris  and  brush  blocking  the  30-inch  outlet  pipe. 

b.  Adequacy  of  Information.  The  information  obtained  from  the 
design  drawings  and  the  results  of  the  visual  inspection  are  adequate 
for  the  purposes  of  this  Phase  I  inspection,  although  grass  and  coarse 
weeds  growing  on  the  upstream  and  downstream  slopes  of  the  dam  make  it 
impossible  to  inspect  those  slopes  adequately.  The  low  level  of  water 
in  the  reservoir  at  the  time  of  the  inspection  make  it  impossible  to 
evalute  whether  there  are  any  seepage  problems  when  the  reservoir  is  at 
high  levels. 


c.  Urgency.  The  owner  should  implement  the  recommendations  in 

7.2  and  7.3  within  one  year  after  receipt  of  this  Phase  I  report, 
except  as  noted. 

7.2  Recommendations 

The  following  investigations  should  be  carried  out  and  needed 
corrections  performed  under  the  direction  of  a  registered  engineer 
qualified  in  the  design  and  construction  of  dams. 

(1)  Determine  the  cause  of  erosion  on  the  downstream  dam  face. 

(2)  Specify  and  oversee  construction  of  repairs  for  the  erosion 
that  has  occurred  as  a  result  of  trespassing  on  the  upstream 
and  downstream  slopes  of  the  dam  and  on  the  downstream  slope 
and  downstream  toe  area  of  Dike  C. 

(3)  Specify  and  oversee  construction  of  adequate  erosion  protection 
for  the  crests  of  the  dam  and  Dikes  A,  B,  and  C. 

(4)  Inspect  the  dam  for  seepage  during  periods  of  high  pond  levels. 

7. 3  Remedial  Measures 

a.  Operating  and  Maintenance  Procedures.  The  owner  should; 

(1)  Replace  the  trash  rack  and  grate  immediately.  Prior  to  replace¬ 
ment,  however,  the  owner  should  inspect  the  pipe  to  insure 

that  no  debris  or  brush  have  collected  in  it. 

(2)  Remove  vegetation  from  the  inlet  area. 

(3)  Remove  trees  and  brush  between  the  downstream  end  of  the 
spillway  at  the  left  abutment  and  the  Fivemile  River. 

(4)  Limit  dam  access  to  authorized  vehicles  only. 

(5)  Visually  inspect  the  dam  and  appurtenant  structures  once  a 
month. 


(6)  Mow  the  grass  on  a  regular  basis. 

(7)  Engage  a  registered  professional  engineer  qualified  in  the 
design  and  construction  of  dams  to  make  a  comprehensive  technical 
inspection  of  the  dam  once  every  year. 

(8)  Establish  a  surveillance  program  for  use  during  and  immediately 
after  heavy  rainfall  and  also  a  downstream  warning  program  to 
follow  in  case  of  emergency. 

7. 4  Alternatives 

There  are  no  practical  alternatives  to  the  remedial  measures 
described  in  Section  7.3. 


VISUAL  INSPEGTION  CHECKLIST 
PARTY  ORGANIZATION 


PROJECT  Horsepond  Dam 

DATE 

Dec.  5.  1980 

TIME  _ 

_ mi2(3 _ 

WEATHER  Clear.  Cold 
W.S.  ELEV.  650.1  UPSTREAM 


643.9  DOWNSTREAM 


PARTY: 

1-  Howard  Shaevitz.  SAI 

6.  Bill  Sutcliffe.  SCS 

2.  Peter  Austin.  DBA 

7. 

PERIODIC  INSPECTION  CHECKLIST 


PROJECT  Horsepond  Dam,  MA 
PROJECT  FEATURE  Dam  Embankment 
DISCIPLINE 


DATE  Dec.  5,  1980 

NAME  _ 

NAME 


_ AREA  EVALUATED _ CONDITION 

DAM  EMBANKMENT 


Crest  Elevation 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at 
Concrete  Structures 

Indications  of  Movement  of 
Structural  Items  on  Slopes 

Trespassing  on  Slopes 

Sloughing  or  Erosion  of  Slopes 
or  Abutments 

Rock  Slope  Protection  -  Riprap 
Failures 

Unusual  Movement  or  Cracking  at 
or  Near  Toe 

Unusual  Embankment  or  Downstream 
Seepage 

Piping  or  Bolls 
Foundation  Drainage  Features 
Toe  Drains 

Instrumentation  System 
Vegetation 

A-2 


678.7 
650.1 
Unknown 
None  observed 
Not  paved 

Crest  Is  slightly  Irregular 

None  observed 

Good 

Good 

Good 


None  observed 

Severe  trespassing  apparently 
due  to  both  2-wheel  a  4-wheel 
vehicles 

Significant  erosion  in  vehicle 
tracks 

No  riprap 

None  observed 

Some  water  flowing  in  ditch 
around  downstream  edge  of 
berm  at  downstream  toe  in 
vicinity  of  old  channel 

None  observed 

None  observed 

Two  CMP  drains  discharge  in 
concrete  structure  at  downstream 
end  of  low  level  outlet 

3  wells  at  downstream  toe 

Grass  and  coarse  weeds 


V 


PERIODIC  INSPECTION  CHECKLIST 


T 

PROJECT  Horsepond  Dam 

Dec.  5»  1980 

1 

PROJECT  FEATURE  Dike  Embankment 

NAME 

D 

DISCIPLINE 

NAME 

_ 

AREA  EVALUATED 

CONDITION 

DIKE  EMBANKMENT 

Dike  A 

H 

• 

Crest  Elevation 

1 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

1 

Surface  Cracks 

None  observed 

» 

- 

Pavement  Condition 

Not  paved 

Movement  or  Settlement  of  Crest 

None  observed 

1  f 

Lateral  Movement 

None  observed 

1 

Vertical  Alignment 

Good 

Horizontal  Alignment 

Good 

i  E 

Condition  at  Abutment  and  at 

Concrete  Structures 

Good 

Indications  of  Movement  of 

Structural  Items  on  Slopes 

None  observed 

1  ■ 

Trespassing  on  Slopes 

None 

Sloughing  or  Erosion  of  Slopes 
or  Abutments 

None 

1  _ 

Rock  Slope  Protection  -  Riprap 

Failures 

No  riprap 

Unusual  Movement  or  Cracking  at 
or  Near  Toe 

None  observed 

Unusual  Embankment  or  Downstream 
Seepage 

None 

Piping  or  Boils 

None 

_  ?' 

Foundation  Drainage  Features 

None  observed 

J  *'** 

1  i 

Toe  Drains 

None  observed 

Instrumentation  System 

None  observed 

p : 

Vegetation 

Crest  is  bare  sand  &  gravel;  coarse 
weeds  &  grass  on  slopes 

A-3 

PERIODIC  INSPECTION  CHECKLIST 


PROJECT  Horsepond  Dam _ 

PROJECT  FEATURE  Dike  Embankment 
DISCIPLINE 


DATE  Dec.  5,  1980 

NAME  _ 

NAME 


AREA  EVALUATED 


CONDITION 


DIKE  EMBANKMENT 

Dike  B 

Crest  Elevation 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

None  observed 

Pavement  Condition 

Not  paved 

Movement  or  Settlement  of  Crest 

None  observed 

Lateral  Movement 

None  observed 

Vertical  Alignment 

Good 

Horizontal  Alignment 

Good 

Condition  at  Abutment  and  at 
Concrete  Structures 

Good 

Indications  of  Movement  of 

Structural  Items  on  Slopes 

None  observed 

Trespassing  on  Slopes 

None 

Sloughing  or  Erosion  of  Slopes 
or  Abutments 

None 

Rock  Slope  Protection  -  Riprap 
Failures 

No  riprap 

Unusual  Movement  or  Cracking  at 
or  Near  Toe 

None  observed 

Unusual  Embankment  or  Downstream 
Seepage 

None 

Piping  or  Boils 

None 

Foundation  Drainage  Features 

None 

Toe  Drains 

None 

Instrumentation  System 

None 

Vegetation 

Crest  is  bare  sand  &  gravel;  coarse 
weeds  &  grass  on  slopes;  vetch  on 
downstream  slope 

PERIODIC  INSPECTION  CHECKLIST 


PROJECT  Horsepond  Dam _ 

PROJECT  FEATURE  Dike  Embankment 
DISCIPLINE 


DATE  Dec.  5,  1980 

NAME  _ 

NAME 


_ AREA  EVALUATED _ 

DIKE  EMBANKMENT 

Crest  Elevation 

Current  Pool  Elevation 

Maximum  Impoundment  to  Date 

Surface  Cracks 

Pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at 
Concrete  Structures 

Indications  of  Movement  of 
Structural  Items  on  Slopes 

Trespassing  on  Slopes 

Sloughing  or  Erosion  of  Slopes 
or  Abutments 

Rock  Slope  Protection  -  Riprap 
Failures 

Unusual  Movement  or  Cracking  at 
or  Near  Toe 

Unusual  Embankment  or  Downstream 
Seepage 

Piping  or  Boils 
Foundation  Drainage  Features 
Toe  Drains 

Instrumentation  System 
Vegetation 


CONDITION 
Dike  C 


None  observed 
Not  paved 
None  observed 
None  observed 
Good 
Good 

Roadway  down  downstream  slope  at 
left  abutment.  Vehicle  tracks  down 
downstream  slope  at  right  abutment 

None  observed 

Wheel  tracks  on  downstream  slope 
of  downstream  toe  area. 

Significant  ero.sion  in  roadway  at 
left  abutment 

No  riprap 
None  observed 

None 

None 

None  observed 
None  observed 
None  observed 

Crest  is  bare  sand  &  gravel;  coarse 
weeds  &  grass  on  slopes 


PERIODIC  INSPECTION  CHECKLIST 


PROJECT  Horsepond  Dam 

DATE  Dec.  5,  1980 

PROJECT  FEATURE  Intake 

Channel 

NAME 

DISCIPLINE 

NAME 

AREA  EVALUATED 

CONDITION 

OUTLET  WORKS  -  INTAKE  CHANNEL 

AND  INTAKE  STRUCTURE 

a.  Approach  Channel 

Slope  Conditions 

Good 

Bottom  Conditions 

Not  visible  beneath  pond 

Rock  Slides  or  Falls 

None 

Log  Boom 

None 

Debris 

None 

Condition  of  Concrete 

Lining 

Not  applicable 

Drains  or  Weep  Holes 

Not  applicable 

b.  Intake  Structure 

Condition  of  Concrete 

Good 

Stop  Logs  and  Slots 

None 
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PERIODIC  INSPECTION  CHECKLIST 


PROJECT  Horsepond  Dam _  DATE  Dec.  5,  1980 

PROJECT  FEATURE  Control  Tower  NAME  _ 

DISCIPLINE  _  NAME  _ 

AREA  EVALUATED  CONDITION 

OUTLET  WORKS  -  CONTROL  TOWER  Not  applicable 

a.  Concrete  and  Structural 

General  Condition 
Condition  of  Joints 
Spal 1 ing 

Visible  Reinforcing 

Rusting  or  Staining  of  Concrete 

Any  Seepage  or  Efflorescence 

Joint  Alignment 

Unusual  Seepage  or  Leaks  in 
Gate  Chamber 

Cracks 

Rusting  or  Corrosion  of  Steel 

b.  Mechanical  and  Electrical 

Air  Vents 
Float  Wells 
Crane  Hoist 
Elevator 

Hydraulic  System 
Service  Gates 
Emergency  Gates 
Lightning  Protection  System 
Emergency  Power  System 
Wiring  and  Lighting  System 


A- 7 


PERIODIC  INSPECTION  CHECKLIST 


PROJECT  Horsepond  Dam _ 

PROJECT  FEATURE  Transition  &  Conduit 
DISCIPLINE 


DATE  Dec.  5,  1980 

NAME  _ 

NAME 


_ AREA  EVALUATED _ CONDITION 

OUTLET  WORKS  -  TRANSITION  Unknown 

AND  CONDUIT 

General  Condition  of  Concrete 
Rust  or  Staining  on  Concrete 
Spalling 

Erosion  or  Cavitation 
Cracking 

Alignment  of  Monoliths 
Alignment  of  Joints 
Numbering  of  Monoliths 
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PERIODIC  INSPECTION  CHECKLIST 


PROJECT  Horsepond  Dam 

DATE 

Dec.  5, 

PROJECT  FEATURE  Outlet  Structure 

NAME 

DISCIPLINE 

NAME 

_ AREA  EVALUATED _ 

OUTLET  WORKS  -  OUTLET  STRUCTURE 
AND  OUTLET  CHANNEL 

General  Condition  of  Concrete 

Rust  or  Staining  on  Concrete 

Spal 1 i ng 

Erosion  or  Cavitation 

Visible  Reinforcing 

Any  Seepage  or  Efflorescence 

Condition  at  Joints 

Drain  Holes 

Channel 

Loose  Rock  or  Trees  Overhanging 
Channel 

Condition  of  Discharge  Channel 


CONDITION 


Good 

None 

None 

None 

None 

None 

Good 

None 


observed 


observed 


observed 


None 

Good 


PERIODIC  INSPECTION  CHECKLIST  .  • 


PROJECT  Horsepond  Dam 

DATE  Dec.  5,  1980 

.  ■*.  .  . 

PROJECT  FEATURE 

NAME 

DISCIPLINE 

NAME 

AREA  EVALUATED 

CONDITION 

OUTLET  WORKS  -  SPILLWAY  WEIR. 

S' 

APPROACH  AND  DISCHARGE  CHANNELS 

• 

a.  Approach  Channel 

General  Condition 

Some  trees  growing  in  channel 

Loose  Rock  Overhanging 

None 

A 

Channel 

w 

Trees  Overhanging  Channel 

Trees  overhang  channel 

. 

Floor  of  Approach  Channel 

Sand  and  gravel 

Not  Applicable:  "Spillway" 

t 

b.  Weir  and  Training  Walls 

is  the  crest  of  the  dam,  which 

Is  earth  embankment 

General  Condition  of  Concrete 

Rust  or  Staining 

•  .*  ' 

Spal 1 1 ng 

Cracks  sporadically  located  along 

the  floor 

Any  Visible  Reinforcing 

Any  Seepage  or  Efflorescence 

Drain  Holes 

Not  applicable 

• 

c.  Discharge  Channel 

General  Condition 

Poor 

Loose  Rock  Overhanging  Channel 

None 

9 

Trees  Overhanging  Channel 

Many  trees  growing  in  channel  beyond 
cut  section  of  spillway 

Floor  of  Channel 

Sand  and  gravel 

Other  Obstructions 

Trees  as  noted  above 

9 

I 


I 
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PERIODIC  INSPECTION  CHECKLIST 


PROJECT  Horsepond 

Dam 

DATE 

Dec.  5 

PROJECT  FEATURE 

Service  Building 

NAME 

DISCIPLINE 

NAME  _ 

_ AREA  EVALUATED _ CONDITION 

OUTLET  WORKS  -  SERVICE  BRIDGE  Not  applicable 

a.  Super  Structure 

Bearings 
Anchor  Bolts 
Bridge  Seat 
Longitudinal  Members 
Underside  of  Deck 
Secondary  Bracing 
Deck 

Drainage  System 
Rai 1 i ngs 

Expansion  Joints 
Paint 

b.  Abutment  &  Piers 

General  Condition  of  Concrete 
Alignment  of  Abutment 
Approach  to  Bridge 


Condition  of  Seat  &  Backwall 
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Access  Rd. 


Condi- 
1  ion  * 
S  or  U 

Maintenance  &  Needed  Repairs 

u 

COT  tjftOrirt  t, 

Oou;Hs.TR-eflt*^  sioes. 

0 

Ftczim-'j 

0 

P/Cpr-uP  pgg/^lS 

fi-Mv  o/^~roe-  i/^rt^cT' 

f:7/V?3/Ni  CH-'FPE^P. 

u 

fiLL  IM  t  ^vTS 

0 

E^EMoOe  StO.M^  ■piCH'-i  IKjmcT 

I^MD  fLGPL^C.^^  A-T  Otoe'S, 

Esti¬ 

mated 

Costs 


Agreed  Date 
Repairs  to 
be  Completed 


jooo 


jioo 


0)  0  s3i^ 

1  vJ  U  ^  ^ 

I 

'7Z’  i^S' 

‘  ■  .1 

1 

t; 

P^HIOUG  FvCOm  (.FtONlb 

^SoO  1 

TUNt" 

,  .  CAre ;n  ST?)-Li 

[J  iHirro-L  64ocfP  WcCG-^->  TO 


ITSC 


REMARKS : ( over ) 


District  Conservationist)  U Project  Engineer ) 
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INSPECTION  RECORD 


Soil  Conservation  Service 


Project  _ 

Site  Name/No.  _ 

Type  of  Inspection;  Special  1  |  £ 

Annual  ^  [ 

Sponsoring  Local  Organization:  -p / ^  ^ 
Present  for  Inspection: ■  x  0 Z.  7 


_ Inspection  Date_ 

_ Type  -(Put  tPc.h  _ 

structure  Operation:  Satisfactory  X  I 

Unsatisfactory  |  | 
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1.  Vegetation 


.  Fences 


Condi-  Maintenance  8f  Needed  Repairs 

tion  * 

S  or  U 
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mated  Repairs  to 

Costs  be  Comolet'- 
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3«  Principal 

Spillway  O 


4.  Emergency 
Spillway 


Embankment 
&  Riprap 


Reservoir 


7.  Gates  or 
Valves 


8.  Outlet 
Channels 


9.  Structure 
Drainage 
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10.  Access  Ru. 
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REMARKS: Cover 
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QUABOAG  RIVER  WATERSHED 

HORSEPOND  SITE  ' 

1.  Place  12’  entrance  gate  according  to  spec. 

Gate  to  be  supplied  by  W.  R . 

Gate  stored  @  F  &  P  yard  in  Clinton  ' 

1-  4"  X  6'  lally  column  embedded  in  concrete  leaving 
3’  opening  from  gate 

/ 

2.  Repair  all  sides  slopes  -  damaged  by  vehicle,  reloam 
and  reseed  damaged  area  and  Emergency  Spillway 

3.  Repair  all  damaged  areas  by  vehicles 

@  Reservoir  Area  -  re-loam  and  re-seed 

4.  @  Outlet  channel  remove  brush  and  tree  growth 
complete  length  of  channel 

5.  Place  gravel  length  of  Top  of  Dam  and  areas  that  have 
.  been  damaged 

6.  Place  three  4”  dia  x  6'  lally  columns  embedded  in 
concrete  at  discharge  side  of  channel  and  repair  barbed 
wire  fence. 

7.  Remove  all  trash  and  debris  in  Area 

8.  Cement  around  plaque 

SUCKER  SITE 


1.  Remove  debris  @  Trash  Rack  and  along  embankment 

2.  Cut  brush  and  growth  along  both  sides  of  channel 

3.  Clean-out  area  @  culver  drain  near  entrance 


4.  Paint  entrance  gate 


APPENDIX  C 
SELECTED  PHOTOGRAPHS 

(Index  to  Photographs  is  Found  In  Appendix  B) 
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Photo  No.  2  - 


Downstream  slope  of  dam  viewed  from 
left  abutment.  Wheel  tracks  on  lower 
portion  of  slope. 


I 


K 


I 


Photo  No.  3  -  Impact  basin  for  principal  spillway. 

Major  trespassing  and  erosion  problem 
on  downstream  slope  on  both  sides  of 
outlet. 


Photo  No.  4  -  Evidence  of  trespassing  and  erosion 
on  upstream  slope  where  it  meets 
berm. 


I 


C-2 


Photo  No.  5  -  Upstream  slope  and  berm  view  from 
right  side  of  dam. 


Photo  No.  6  -  Close-up  view 
of  wheel  ruts 
on  berm  between 
riser  and  right 


Photo  No.  11  -  Close-up  of  impact 
basin  at  downstream 
end  of  principal 
spi 1 Iway. 
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HYDROLOGIC  AND  HYDRAULIC  CDMPUTATIONS 


HORSEPOND  1 


NATioNAc  Program  of  inspcCtion  Of 
NON  FEDERAi  DAM" 


HORSEPOND  DAM 

IMPACT  AREA 


Scole 

i  |:24.0:)O 


Narfh  BfcotiOeW, 

uses 


SCHOENFELD  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 


JOB _ r 

SHEET  NO _ 

CALCULATED  BY 

CHECKED  BY _ 

SCALE _ 


O/ 


OF_J& _ 

OATE-MtlkJ£hAl&l_ 


^LOOT^  A  K\ALM 


.  OJ^ 


^  ( AJP* P ^  . 

^  ^  ...  . 

. . . \\(k1sOl i .  ■'^v  . 

:p.dQte  .  . '^locd 

. .S<m . PfEAquicle  c^  aoiIiV-^ 

. .t^  d/  ct  (-v.C'jCje  (X^.t(L.  -  4-.  1  i^i  ^  . 

. (Sjp,  .=  1  O  6>5?n^ .  .  . . 

4-.  1  (^lE  ^  i  .c-(^ 


/7LLrLC^aA/|^  '^ou.-h’/ic 

6?P2.  =" 


eL6;\//V^lOM 
AJ20\ie  Nl6\vlP 

(PT'"’ 

>^?uec^A;z<£^e^ 

^-(teA<35\B: 

(ac^pO 

'5’TOP- 

O'^V 

.  160 

\.t 

^60 

I'l 

V^o 

^.O 

4-4 

(bO|6 

un 

. 

{p>  t 

'^IT 

foi&.i 

1^00 

li 

4i^l  (fi 

wfeo 

LwO 

u 

p«nia2»i  /^jgg  >».  8i«»  —  OHM 


SCHOENFELD  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 


JOB — T 

SHEET  NO _ 

CALCULATED  BvJ 

CHECKED  BY _ 

SCALE _ 


IHii  LTI' 


JrUOOP  . 

4 . ■  .  ■  . > .  •  -  ■  . . i . .  - 

. •-  ^^^dAU£ie  ==  -fD-ku2  .  ^  -  JO  a c-^  ^ 

;0okeAx- . UO  a.L^'  ^  y^o^mai  -f^yincipai. 

. 6  p  i  I  luj  0^  Y^^jAAjxviejA.\.  CJJi^A  eX .  ^ . . 

Ue^yyiap  cLc^ycU<ur^e  A^(iy.c^^  A(Iv\a.  _ 

. >^pll\LU(lL^ . i  tp.  ^CP  . 

. ^ywi.'inenap/^pj  ilio^u  (L  .  'too  |4 '  M  ,  to  id£. 

^yy^b^^!^iy’dCt^v-T  ^  Jn s  ^  M  i  V  \jj^  ujCtA^ 

e^ucL-\n(rr\  ^  vo[.  6.^ '2..t> .  .  . 


oidjc  ol-X- 

CA£^-V‘t  , 

1  ■  V  ■  1 

U^C  LX^/u  C^u 

a.-^£fn  ujI 

6  *  ^  .  O 

^l^xlA-^lOlsi  . . 

62  "  ,  ■ 

a 

1  1 

62 

f  f 

Q 

/Ss0o\ie  . 

evie^.  -<7pu  M 

gMftK-r 

rT^-[Z>-u 

A^^.o 

(oO 

iokfO.O 

74 

14 

[cip'^ .  O 

6"7 

(^']Pp.O 

loc^ , 

(OCj 

\CXp 

4’CV 

h\Z 

(f?l1 .  o 

\oe> 

ni>“i 

7 

Ml 

Aioo 

4^n 

o 

)IZ 

4-141 

4^7 

1^115 

(b1^.  h 

i 

tj-IOl 

4Dli 

(^to.  0 

.114 

1W4 

V'\^\AA.hC\e  dA(Xy:yiKpp\  iCA  b^l  f  Ma^. 


SCHOENFELD  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 


JOB- 


SHEET  NO.. 


CALCULATED  BY 
CHECKED  BY _ 


^  -  ■ 


DATE 


i£z. 


KAMge>i 
lyftiu  19^1 


K  D 

SCALE 

1 . 

.  . 

. CfJj^ . d^^bjOa-C^c^  .  CrLU-'Aj^  citMi  . 

^^(rw\  l.  . . 

1 

.  Owi^Wj  ,  Q  =  4<^oc>  C^l_ . 

■ 

. ®  ele^/a^cm  .  . .  . . 

■["kc  ttood  k>d7M.ld  ^^t^l■('  V/i  i2» 

e^'€A/cJnoy\  c^pp^uti4A^eic|  i/^l4{A  4cp 

i  1 

••••*•  . . 

ii  II 

. : .  ...... 

•  __ 

■ ' 

.  i .  ■  .  ■  ■ 

■ : 

► 

»* 

■  ! 

SCHOENFELD  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 


-Kc 


CALCULATED  BY 


CHECKED  BY. 


0P_!^ _ 

n.TP  tT  11^ 


^U'^n/ATIC>>A 


Sri^A'^fPfsl 

. . 


(^O 


(4g 


“Top  Q?  Sit. .  ■[ 


/_ _ _  sioiZl/v/^L-  -  fe^MAligr^if  ^TOPLOei  6^e!t>T 


^‘^oxi>-e\^  -  'I'cTfAu  -  7^ 


SCHOENFELD  ASSOCIATES,  INC. 

CorauKiiig  Enginaert 

210  South  Street 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 


JOB - 

SHEET  NO _ 

CALCULATED  BY- 

CHECKED  BY _ 

SCALE _ 


]& _ 

'74 


@  . 

A4A-Yfe'&  VtioULO  ^ 

Uers/CTL  Uli'fU  “[OP  CWa . 


(fbO 


It4 . 


C?AV/\ 


A 

\  <J^6AW5. 

\ 

^  ■  •  •  .... 

• 

IW 


^'WO 


4600 


W-^OO  l(3CCO 


in) 


SCHOENFELO  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON,  MASSACHUSETTS  02111 

(617)  423-5541 


CALCULATED  BY 


CHECKED  BY. 


Amauu^i^ 


C  cvw  p  iaAC' . ^alcucM  . ^ . ,Q  p , . 

cSp,  =  fcin:  Wfc.  'f^: ’  •  I’ . I''rr '  '  !  ■  ’  II 

. li^ . \d  b . * . ^OO .  ^  . . . : . . r  -  ■  . . . 

. . C^;'^II§qI(  Kriof^l  =  Ube>[  I,  ;^I  e-gcoQ- 


C^(ru)iA:^7tAXCt(4^  /Li)v\*“l'  i'b'  "Jop  '^e.-V  cifu}vib' 

cWk  .  .  /  . . 

LmA^\k-  ^  o.poa>  . 

.  /  hV  \tcdLLU  =*  O'^^T 

ct^oclA^e  caaau^  f(?v  AC^icii 

|^(X^lA  lV  a  .  ^  i  ,,  ,/ 


^ooo 


UK6=|  U^/7j)^gAL/V 


v(j(j»  ^^jryyt  Pplilt'YT/j  (5|  4-5>l  \ 


SCHOENFELD  ASSOCIATES,  INC. 

JOB - WC/k 

Consulting  Engineers 

210  South  Street 

SHEET  NO _ 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 

CALCULATED  BY 

CHECKED  BY _ 

SCALE 

ht^  /YL^Vyri  6(XA.\/C  j  h\^  . 

G.p^  -  ep^ooo  c^  -^^  e^.h  ^ . 


4-5«^ 


=  n^^fioo)  ilip 

4^^:^  /z- 


G^-^Lmui^=  <!9p,(l-^')--«??>ooc?(l-^^^)=  (^‘n&l  c| 

^hiCiC^l.i^k  \l^  ^  ih^^^('lcxS)  =  ilc- -fr 

'  4^‘=7t?o 

V/s^v<^  =  '2.(^0?.  C?  ac'jl'  , 

C^Pi"Qp,0'''^>  e>^ooo(i-'^-^^‘’)=  -yo4qfoc(^ 

^+aQ£.  -  1.]  ^-+. 


nIo  do/W^qc  lomild  Ue  e'^y?cckd  a.Cr/.G  I  tik-- A^ack 


SHEET  NO _ 


SCHOENFELO  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 


OF- 


CALCULATED  BY 

CHECKED  BY _ 

SCALE _ 


DATE 

DATE. 


,  . aKdo 


O.oo^ 


Comp 0^=^  hit:  'l/\ .  - .  P'<?] 


Pevtiop.  ck^okdAat  AAflV\ia  CAMAJt  .  lO-u  KtCbtk, . iL^XA.Q 

.  e^ujifvm  ; .  .  ' 


Y\ 


4- 


hco 


,  \Ulgppe:C>  . 

(^.VAASihigzU  \Nl'J 

AiZ-^A 

Q 

hm 

(<=1) 

Qy^) 

.'I 

\o\\p 

[t(^\ 

=>i44 

w 

11166 

4&24. 

t%ZAl 

\t. 

■67614' 

6400 

^tCr 

Ci4c>6=| 

(Mb 

^CC  A(x{lYC^  Cwu/t 

■  ■  i  . 

,  4;7l4  16  /  16 

-- 

* 

n.^  ff, 

i 

(X\t(KLhyQ^  * 

^6?^]  (iloo)  == 

4t"1.p7  ac'il'  z 

mo  ■•.  a 

7^ 

SCHOENFELD  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 


JOB — ruvi^ 

SHEET  NO _ 

CALCULATED  BY- 

CHECKED  BY _ 

SCALE _ 


feACM  1 


■■\  ^  -  ' 

4.=.Sf,(i 

\z 

l'l04 

mo 


. . :  ^  . 

■4^‘7(5ip 

. ^  .  •p' . . .  . : . . . . . . . 

. -  .  ^  . .  . . . 

.k\c>  . ^.c^tpeck^  almc^  ]^eiicin  't  .  . . 

^  ^ . . .  .  .  . . . 

Cbu)n6i-A£<um !( m  i :+  ^pc<vxc^  Zoo^d^  U\  t  . . 

olaa>u€  0l4.  ^ 

Kdj\<  e<f^uaMcy\  ^ 

Ki.|  6=  UiJi^  (n>e/u  .Aoa3. ,  ^ 

^ _ f.O. 

i  1  1  II  I  I  /  '  1  .  1  V 

1-^ -  -tco - H  h —  — -\/^0  |-  4-00 - =-j 


'1\  ! 
»C7\| 


^  'iZ  k  'l\ 

"im  " 

;o 


V_^6-  AAU/g.^‘[ 

^U&VATiOM  LoOi^lKi6i  ii7o\AlK>^g:€A(y\ 


SHE£T  NO _ 


SCHOENFELD  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 


’  <b  (oia^A^  !  1  _  i  ; 


CALCULATED  BY 

CHECKED  BY _ 

SCALE _ 


iNiN/ 

c^o  . 


: . : :  q  m: 

G 

. 

,  r^oTAL 

.  :  ^  CCJr^') 

ic^') 

.  . 

. 

. . . . .  \^\^.  .. 

[h^ho 

\^icOO. 

t^o 

qg>p 

^co 

<^ft^'\ 

hcc  xa.Hm  aiAt-e  ,  . 

Gp,--  P34-'|Ot 

.  .  UP^1?:^I4 


ac^  ^  iTtp  cc 


ifcco  ^ 


=  ®p,  (I  -  '^o ")  =  ^ 

4^(^0 

^  ,u^iAC|  Mo/lAiAiV^  C^LLcJnCT/\  )  ^-o<co^ 


SCHOENFELD  ASSOCIATES.  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON,  MASSACHUSETTS  02111 

(617)  423-5541 


JOB - r 

SHEET  NO _ 1 

CALCULATED  BY- 

CHECKED  BY _ 

SCALE _ 


A^\ALL{^\^  (cctaI 

^  . 

^oo-d  u30bL\(i  be  ovtA.-fopps-^i 

IcTAC^t.  ^ad 

^\AJ\kjUL  0(nAd  OCMAA^  .  i^ep^  oi  .  i  CX  hJlMAjO-^fZ.  , 

po^lb|li+^^^  .  .  . . 

iX^oo  ^4.  o~ooz^ 

Ve  lA '''  \!(l{mJL  -=• 


Oev^ifTp  AiTlItG  Xi  ^^(A/U^  {jXL  KCCiX-^l  U^\PJy\ 

"  ^  Q- 1.4.^ 


{- - |zco - - 


Aec\lfc 

oaanhbl  I  mV 


viig^^e^p 

c? 

Cf=^") 

ipr^ 

WPo 

1Z4-C? 

^loO 

it&o 

X'^XtA- 

1 

3C0^t> 

IC7ZA(9 

1 

4e€>zj 

SCHOENFELD  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 


H: 

_ 


CALCULATED  BY. 


CHECKED  BY- 


0^0 . 

4.  . 

"i/ee  cuaa/c  j  \^  /  i& . , 

C?p|  =  4*0'^  ct  6  '  1. 2- 


v’^  -  a  (t^ 


-  nio  . 

TT . 

.  ^  't^-SUCo  VK 


.  Z)C 


^■kqe-  fA<  \4,=  =  41&.1  . 

^  4^<:£0 

7av6,*  4^1^  .t  ,  .  , 

30QOO  cf^  : 

Kio  iaxhaU  be^  ^CiCh  A'^  . 

'\7o'A)'At)'i/j2/Lvy\  li/yi^-^  i-t?  l^Oaci . 

^KAOs^t  ^ad  \A)cu[ci  li'44le  ob^+/.ccc4i>y\ 

■be?  b>^^aGVl  b|,<ri>o  c-{  ^ooo  c^.^.  ,  }(/'.,  ^ 

-bAi^icd  euA  (Dpev\  c(/viGv\/UH 

UGiV  C|  K'-ii  y\  CWA*A  A,' <2gUA(lAA'. 

1.^*1 


JOB 


SCHOENFELD  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 


>b=^6>.ooi  ’ 

,Cc7V\pO^V'^  'JdJMJl  - 


SHEET  NO _ 

CALCULATED  BY 

CHECKED  BY _ 

SCALE _ 


?g:  Wp.  PAv 

_ o 

^aa£2 _ ^ _ D 

ft  W^\<h  „ 


pVyh&AfBOv/e- 
Z^A^Nie-L  J  Mv/ . 

. . 

■pe^WtAB-TeiZ 

:::  TCP . 

CfT") 

. 

\V\o 

4^0 

.  ■ 

(J>  .  . 

V\£>C> 

^'Z-l 

.  44i  c> 

‘^g>l 

1144-]. 

\Z 

k^t^o 

^0r\ 

l4 

1'9toO 

h\oo 

^TL 

6.CC  AAyhyx.^  6iAWe  j  j  \  b  .  . 

"^OCOO  c’^  •^4ai^<2- 

-  e>^^ifz'2c6)  ^  4^0.^  ciC'H  ^  np  oic 

-Z, 

■-  Qf ,  (}-X) = ^^0 '  ‘  1  c  (“i 

\3,0  \4.  \/.j  -  (^6^0  ^  o 

=  a.c-i\ 


ranWTiWi  mc.  turn,  am.  oi«M 


JOB 


SCHOENFELD  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON,  MASSACHUSETTS  02111 

(617)  423-5541 


SHEET  NO _ ! 

CALCULATED  BY. 

CHECKED  BY _ 

SCALE _ 


^  t>*\ . . 

l£o?Lci  woui;^  ,  be  i  \^u  rKLtiL. . 

‘UviiY^  Hre^  ,  tet+^.  'd^LmAh^ 

covdd  . Lc^.^  cy-i^  . . . 

. CK . kamo^ . po^v*  bi  1 1  ^ . . . . . . 

G . . 

Lc^c^i\ri-^ooo.\d< . >^=o.c>o\  . 

C’cnA^po^^i'ie .  v\'^  \}(l(mX  —  0,CK£>  . 

Pe-vt  1  op  .  '(l  ^  ^  CAAhJyt  !p\.  hQjXJ'  Li  k  jy  ^  CfylA  /]  >  V'J2j 


looo 


I  1 


/JlWcj  CUAuf. , 

i&  /i& , 

'I'up: 

x-Oec:.'[iOKl 

Aeoxig: 

vle^pfisD 

6HAfJNie^L  ihiV 

Ase^ 

G  . 

CPT') 

1.4TV 

C<y=%0 

,  z  '  . 

^04-0 

[040 

4^1  W 

[oeo 

£0t4- 

G 

UAl 

i^660 

1 

MAI 

'Uy(o\  1 

t? 

e^4o 

1101 

nowtitLi  iNwni  nt.  tufc  Kt  »mi 


SCHOENFELD  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 


JOB - 1 — 

SHEET  NO _ 

CALCULATED  BY 

CHECKED  BY _ 

SCALE _ 


^o.  Pah 


. 

i: 

. 1 . ^ . ! . 1 . : .  \ . 

. cic:M^  ]j]o 

. . . . . . -z, . : . 


©pi  . '^JS. 

. =  " 0.0 K . '  . . . Z^iooC^oco)] . ^ . 2^;5: 

. ^ . : . , . ^ . . . : . . . . . . . . . ^ . 

. : . . . . . . ; .  . . : .  . . . . . ^ . 

©p,  -  6  -  :z3Me>(\-^^d  c;(^ 

^.k(?iC  t  ,  ^  •  . ; . . . . . . . 

cdo  . €^K  pcckA  l^eac-^  .(h. 


lAp^f/^mA  e^nd  L<3.X^ 

Ua'^l/i/XLua^j . 

,  Le(^jtk  -  looo  ^  -  o.oo\ 

Ccrmpo^)4c v]'\  .\/aA^  o.Oi/^ . 

.  .Z^Ovtivv.  hJL^'Y'-a  CUAA^e  for,  ACd^iA 

li^iVc^  £.<^L^Ou'(n'‘cno _  Kiocd _ 

\M IK'^^ 


funcrau  tNiaW!  iic.  <Mm.  *m.  aiwa 


JOB 


SCHOENFELO  ASSOCIATES,  INC. 
Consulting  Engineers 

210  South  Street 

BOSTON.  MASSACHUSETTS  02111 

(617)  423-5541 


PO.  Pi 


CALCULATED  BY. 


CHECKED  BY. 


. Ua‘bt^ 

tp-kLG  ^oHr  . C  r 

oMr.  Laide  Id  loollU  msu 

0^.  \<u^  MtCuma  ^  (ta  la(^. 


’4. . : . 

/z . ^ae^, 

.M . (3^.  ,  '^4 


.XM«,  cU^  arf",  . 

H&Ji  i  a l^iA) t^\jv^cuj^'NdtAAh  ^-^a}:e  . '^ouAc. . A  . . 

'fkt  . ^p\i\\A)(UA  l4  [OOOL.k^ 

bC/l(n^  HCu.  ^op  Am  Ji .  AWo  ^  .u><5.4:.^  uo^Tiiia . 

a:oi . etA Jjxkt  aA  .mjA  poM^  ^-{Ccac/w . 

.4(LickAi4e 1^ 

i^4  ^  S-iuZ-  ,(iL‘.4£  ’^  k:\0'-lC . 

<^o4CiH/|  Aj-kLLk:€,  Lavkototic/  ClaacL.  'vIaji  hdxXdApu . 

fJ,Aooid:^c6id  dtruitA^Wir^tv 

. p/u!L(XuAe  iKSjid.  ^ 

cyA  iOx  jpA^i^h  (XiAoJAi^t^.  . 


A  p,pyve»c  1 /vta-(cIm  otiffyc^  ‘^lia-id.s^ 

0^  La  k^  La^koxoAu  x>Quy  vc  ^yiAoxCc^  Vo 
7  WV  0^  ,|'  0oci/iY'.Cj  m  4'At  6vt4A.4  (X-  b/LCd^ch  . 

1-Aov?o  PoA^  PiitiAA  ^igjA^icdL^d- 

Vl-d^AAd  .. .  .  /  .  '  .  ” 


A-V  /\0A/maclC.  pool 


noonoai'i  mkttl »«-  Mm,  nm  wwi 


